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Isotope  Exchanges  of  Iodide  Alkyls  with  Elementary 
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[Poliowing  is  a  translation  of  an  article 
by  M.  B.  Beuman,  V.  B,  Miller  and  Yu.  M.  Sha¬ 
povalov  in  Zhur,  Piz.  Khim,  (Journal  of  Phy¬ 
sical  Chemistry),  l?o.  3,  Moscow,  1956,  pages 
492-499.1 


I  Modern  theories,  clearly  formal tated  by  H.  I.  Semenov 

I  [1-5],  state  that  homogeneous  reactions  in  solutions  can  fol- 
*  low  both  ionic  and  radical -chain  mechanisms. 

The  mechanism  of  the  process  determines,  in  some  cases, 
the  direction  of  the  reaction.  Por  instance,  when  the  reac¬ 
tion  CB-^CH  =  CH2  +  HBr  takes  place  according  to  the  radical 
mechanism  (in  the  presence  of  peroxides),  propyl  bro¬ 
mide  is  formed.  But  if  the  reaction  takes  place  ac¬ 
cording  to  an  ionic  mechanism,  HBr  is  added  in  accor¬ 
dance  with  V.  V.  Markovnlkov‘s  rule,  and  isopropylbromide  is 
formed  [6]. 

We  may  assume  that  the  reverse  dependence  is  also  true, 
namely  that  the  change  of  molecular  structure  influences  the 
velocity  of  ionic  or  radical-chain  raactions  differently.  The 
confirmation  of  this  hypothesis  would  —  in  our  opinion  — 
confirm  A.  M.  Butlerov's  theory  concerning  the  Influence  of 
elements  of  molecular  structure  nn  the  velocity  of  reactions 
with  various  substances  [7], 

In  connection  with  these  considerations  and  in  addition 
to  our  investigation  of  the  influence  of  molecular  structure 
on  the  velocity  of  ionio  reactions  of  isotope  exchange  [8-13], 
we  studied  the  effect  of  the  change  of  structure  of  several 
alkyl  iodides  on  the  velocity  of  their  Isotope  exchance  with 
iodine  molecules  in  a  cyclohexane  solution.  The  isotope  ex¬ 
change  reaction  was  carried  out  between  alkyl  iodide  SI, 


marked  as  radioactive  isotope  ahd  elementary  Iodine# 

When  the  solution  is  illuminated  with,  visible  Ight, 
according  to  the  reaction  iodine  atoms  are  formed,  which 
are  initially  active  centers  in  the  chain  reaction,  "hey 
develop  according  to  the  scheme  £12]: 

...  v ,  '• ::  /•  (2> 

‘  1  X,  +  R'iiR  I-M.  <3> 

I’he  chain  is  broken  because  of  a  recombination  of 
iodine  atoms,  according  to  the  equation; 

j  i+f5us.  '  ;  <4> 

If  we  assume,  according  to  Bo dens te In’s  method,  that 
the  stationary  reaction  d ( I ) / dt  »  d|S{/dt  ~  0,  will  produce 
the  following  expressions  for  the  values  of  II!  and  IBU 


111  «w  |/ 


S IR1  * 


MIU! 

Klh\ 


Here,  Is  the  number  of  light  quanta  absorbed  by  iodine. 

If  we  assume  { la  I  =  a,  t  B.X.I  =  b,  !HI*L  =  c;  *  c”*i 

[I2*]  s  J*,' "we  shall  obtain  the  following  equation  for  the 
velocity  of  increase  x:  . 


Let  us  introduce  the  values  of  specific  activities 
alpha  a  x/a  and  beta  0  ~  o/t>.  .Mw*  W  ?ives  UBt 

w*(t  ^  s)i  *  ^ 


¥e  will  make  a  note  of  the  ratio  of  activities 
Z,  and  equation  (8)  becomes 


It  is  clear  that  in  the  case  of  small  cenversion 
depths »  when  ,  . . 

*(»+*)«'■: 


we  can  assume 


x^igoc—const. 

% 


In  the  current  study  ,  we  were  determining  the  re¬ 
lative  magnitude  of  the  velocity  of  the  atomic  exchange 
dz/dt  in  the  same  manner  as  we  did  it  in  our  preceding  stu¬ 
dy  ^13 1.  Since  a  and  b  have  had  a  constant  value  in  the 
majority  of  experiments  and  the  conditions  of  temperature 
and  light  did  not  vary,  the  values  dz/ dt,  which  we  obtain¬ 
ed*  permitted  us  to  characterize  the  relative  velocity  ox 
the  isotope  exchange  of  alkyl  iodides  of  various  structu- 

r"Si  The  concentration  of  iodoform  in  the  experiments  hi- 
mini shed  ten  times,  because  It  exchanges  very  rapidly*  In 
this  case,  a  corresponding  correction  was  introduced  in  the 
value  of  dz/dt.  which  we  determined  experimentally,  it 
was  Increased  tenfold  in  accordance  with  equation  UOj. 

In  the  current  study,  we  examined  the  effect  on  the 
velocity  of  the  isotope  exchange  of  HI*  +  I2*  which  xollows 
the  chain  mechanism.  The  elongation  of  the  carbon  chain 
and  the  isomerization  of  the  alkyl  radical  R,  as  well  as  the 
substitution  of  hydrogen  in  CH3I  with  me thy x  radicals  and 
iodine  atoms,  were  also  examined  In  the  same  context. 


Methodology  of  the  Experiment 

The  velocity  of  atomic  exchange  in  cyclohexane  solu¬ 
tions  of  alkyl  iodides  and  iodine  was  studied.  Active  alkyl 
halide,  identified  by  isotope  I^l,  and  an  inactive  xodine 
solution  were  used,  in  contrast  with  experiments  on  the  stu¬ 
dy  of  ionic  exchange  reactions.  Marked  alkyl  halide  was  ob¬ 
tained  by  means  of  an  exchange  of  HI  with  Sal*  at  100  0, 

The  concentrations  of  alkyl  halide  and  of  iodine  solutions, 
mixed  for  the  exchange,  were  respectively  0.01  and  0.005  e- 
quiv/1.  Alkyl  halides  do  not  exchange  with  molecular  bro¬ 
mine  in  darkness,  as  was  shown  by  the  studies  of  <-*  *•<*  ho- 
ginsfciy  and  his  collaborators  in  the  case  of  bromine  exchan- 

i70  f.14  j  ^ 

We  carried  out  many  experiments  on  the  isotope  ex¬ 
change  of  several  marked  alkyl  iodlo.es  Hi  with  elemental/ 
iodine  in  a  cyclohexane  solution  in  darkness  at  room  tem¬ 
perature.  These  experiments  showed  that  no  noticeable 
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exchange  takes  place  even  over  a  period  of  10  hours.  The 
generation  in  the  reacting  mixture  of  atoms  capable  of  pro- 
voicing  the  chain  process  is  necessary  in  order  that  the  ex¬ 
change  may  take  place. 

A  diagram  of  the  apparatus,  which  we  utilized  to 
study  the  reactions  of  the  isotope  exchange ,  is  shown  in 
Fig.  1, 


Fig.  1.  Diagram  of  the  installation  for  the  study 
of  reactions  of  isotope  exchange, 

1)  Kercury  lamp; 

2.  3)  reaction  flasks: 

4)  glass  light  filter: 

5)  sliding  plate; 

6)  motor  with  blower: 

7)  starting  push  button; 

8)  ammeter  with  a  switch. 


A  mercury  lamp  1,  serving  as  a  source  of  light,  and' 
flasks  with  solutions  2  and  3,  put  into  special  nests,  were 
installed  in  a  lightproof  box.  The  mercury  lamp  was  cooled 
by  an  air  draft  produced  by  the  blower  6.  The  radiations 
from  the  mercury  lamp  passed  through  glass  filters  4,  which 
absorbed  the  ultraviolet  part  of  the  spectrum.  This  ra¬ 
diation  initiated  a  reaction  in  the  solution  RI#  +  12. 


Special  experiments,  during  which  the  cyclohexane 
solution  of  RI#  was  exposed  to  illumination  for  a  long  ti¬ 
me,  showed  that  the  radiation  of  the  mercury  lamp,  which 
passed  through  glass  filters,  does  not  decompose  alkyl  io- 
diclss 

About  one  hour  passed  after  the  lamp  was  switched 
on  before  it  became  a  stable  source  of  light.  When  the. 
light  intensity  became  regular,  which  was  determined  by 
readings  on  the  ammeter  8,  the  shlding  plate  5  was  opened; 
the  reaction  of  the  atomic  exchange  commenced  inside  flasks 
2  and  3  under  the  influence  of  the  light.  Stopping  the 
process  at  various  times  (this  stoppage  can  De  achieved  ei- 
ther  by  closing  the  sliding  plate  5  or  by  turning  off  the 
lamp),  we  extracted  iodine  In  an  aqueous  solution  of 
H&2SO3.  Ions  of  I*,  which  were  formed  in  the  aqueous  layer, 
were  reacted  to  form  Agl*,  the  activity  of  which  was  measu¬ 
red  on  a  recorder.  „  .  .  . 

The  experiments  were  carried  out  with  a  constant  light 
intensity,  and  their  duration  was  selected  in  such  a  way 
that  the  conversion  depth  would  not  surpass  seven  to  eight 
percent.  Under  such  conditions,  the  reaction  depth  of  the 
isotope  exchange  is  proportional  to  the  duration  of  light. 


The  Effect  of  the  Elongation  of  the  Carbon 

Chain  of  the  Alkvl  Radical  Reaction  on . the;jLelocitz 

Of  the  Atomic  Exchange 

We  selected  for  this  study  the  same  series  of  alkyl 
iodides  which  was  used  for  the  ionic  exchange,  namely:  me¬ 
thyl,  ethyl  and  propyl  iodides.  The  results  of  our  experi¬ 
ments  follow: 

Isotope  Exchange  0H^»  ±  Io.  Cyclohexane  solutions  of 
iodine  with  active  methyl  iodide  were  illuminated  during 
various  periods  of  time,  ranging  from  one  up  to  eight  hours. 
The  results  of  experiments  on  the  study  of  the  velocity  of 
atomic  exchange  of  0113!*  +  I2  are  given  in  Table  1. 

The  magnitude  of  the  ratio  x/c,  which  characterises 
the  valocity  of  the  exchange  in  the  unit  of  time,  was  ex¬ 
pressed  In  percentages.  In  spite  of  the  prolonged  illumi¬ 
nation,  the  exchange  took  place  to  the  extent  of  0.15  per¬ 
cent;  whereas  the  equilibrium  activity  distribution  in  ac¬ 
cordance  with  the  concentration  of  substances  I  CH3I*  I  = 
0.01  equiv/l  and  of  I  I2I  =  0.005  equiv/1,  corresponds 
to  x/c  =  33  percent. 


Isoto'oe  Exchange  GH^.QHpI*  ±  Ip.  The  results  of  experi¬ 
ments  on  the  study  of” the  exchange  of  ethyl  iodide  with 
Iodine  atoms  are  given  in.  Table  2. 

The  concentrations  of  reagents  were  f  CH^OHg I#  l  = 
0.01  equiv/l  and  j  Igj  =  0.005  equiv/l,  Therefore,  the  li 
miting  Value  of  the "ratio  x/c  is  also  equal  to  33  percent. 

Table  1 


Velocity  of  Atomic  Exchange 
CH51*  +  I2 


j 

Time  of  | 
.  illuati—  j 
nation 
:  in  hours 

|  Activity 

In  imp /twin 

: 

i 

!  £..  «/ 
e'  k 

i 

Average 

x  | 

e 

velocity 
in  %  hour 

1 

'  3 

18 

60000 

0.03 

38 

60000 

0,08 

0,02 

8 

1 

80 

6000Q 

0,15 

1 

Table  2 

Velocity  of  Atomic  Exchange 
CHjOHgl*  +  Ig 


Time  J 

iJlssm--  .  j 
nation  | 
in  hours 

Activity  1 

in  imp /min  | 

IWIIUM iwrtawtMa****** 

1 

!  *  JM 

j 

i 

|  Average 

i 

l  * 

& 

1  7.  % 

! 

1 

{ 

velocity 
in  %  hour 

i 

i 

|  60 

120000 

!  0,05 

0,04 

^  i 

I  200 

120000 

!  0,17 

8 

|  400  1 
1 

120000 

j  0,33 

,  t 

Isotope  Exchange  OH^OHoCHpI*  ±  Xp»  The  results  of  our 
experiments  oxT  the  s^uay  of  the"  isotope  exchange  of  a  normal 
propyl  iodide  (0,01  equiv/l )  with  elementary  iodine  (0.005 
equiv/l }  in  cyclohexane  solution  are  represented  in  Table 
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The  Effect  of  the  Replacement  of  Hydrogen 
Atoms  in  QH^I  by  Methyl  Radicals  on  the 
Velocity  of  ,4 1 orate  Exchange 

We  studied  the  effect  of  the  replacement  of  hydro¬ 
gen  atoms  In  the  mocecule  of  CH3I  by  the  methyl  radical  on 
the  velocity  of  atomic  exchange  in  the  following  alkyl  io¬ 
dides:  CH3I,  CH3CH2 I  and  OH (CHjJgl.  The  results  of  the 
experiments  on  the  exchange  of  "the  first  two  compounds  are 
described  in  the  preceding  section.  Experimental  data  on 
the  study  of  the  reaction  of  the  isotope  exchange  of  iso¬ 
propyl  iodide  with  atoms  of  iodine  are  given  below. 

Isotope  Exchange  OHyCHI^OK^  ±  Ip.  Data  nn  the  reaction 
of  isopropyl  iodide  with  molecules  of  iodine  in  cyclohexa¬ 
ne  solution  are  given  in  Table  4. 


Table  3 


Velocity  of  Atomic  Exchange 
CH3OH2QH2I*  +  12 


Illumi¬ 
nation 
time  in 
hours 

Activ 
in  imj 

X 

tty  i 

5 /min  i 

! 

c 

: 

If* 

Average 
velocity 
in  %  in 
an  hour 

1 

2  : 

180 

! 02000 

1 

1 

0,11 

4 

30  ! 

102000! 

0,24 

u.050 

540 

102000 

0.3 

t 

Table  4 


Velocity  of  Atomic  Exchange 
OH3OH I^GHj  -  I2 


i 

! 

Illumi—  j 

nation 
time  in 
hours 

t 

Activity  | 

in  imp /min 

T- 

Average 
i  velocity 
in  %  in 
an  hour 

X 

i 

c  j 

! 

2 

\ 

!  300 

3.7 

4 

I  l"u 

j  025u 

1,8 

*7 

2m 

22m 

8 
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The  ratios  of  concentration  of  reagents  were  the  same 
in  these  experiments  as  in  the  preceding  ones;  therefore, 
the  equilibrium  distribution  of  activity  will  also  be  a- 
chieved  when  x/c  reaches  33  percent® 

The  results  of  the  study  of  the  effect  of  the  repla¬ 
cement  of  hydrogen  in  the  molecule  of  CH3I  by  methyl  radi¬ 
cals  on  the  velocity  of  the  atomic  exchange  are  represented 
in  Fig,  2.  As  we  see  in  this  figure,  the  replacement  of  hy¬ 
drogen  atoms  in  the  molecule  of  CH3I  by  methyl  radicals 
increases  the  velocity  of  atomic  Isotope  exchange,  and  it 
is  particularly  noticeable  during  the  transition  from 
GB>,0H2l  to  0H(0H^)2I. 


The  Effect  of  Isomerization  of  Alkyl_MdiSi3». 
and  of  the  Substitution  of  Hydroge^^^^^ 
of  OHxI  by  Atoms  of  Iodine  on  the  Velocity  Pl_the_A$g|aic 

Isotope  Exchange 

We  can  get  an  idea  of  the  effect  of  the  isomeriza¬ 
tion  of  the  alkyl  radical  on  the  velocity  of  isotope  ex¬ 
change  if  wa  compare  the  relative  magnitudes  of  the  velo¬ 
cities  of  exchange  of  normal  propyl  iodide  and  isopropyl 
iodide  with  atoms  of  iodine. 

Data  resulting  from  experiments  on  the  study  of  ato¬ 
mic  isotope  exchange  of  propyl  iodide  and  isopropyl  iodide 
are  given  in  Tables  3  and  4.  Straight  lines  are  traced  on 
Fig.  3  through  the  experimental  points.  Their  inclination 
allows  us  to  evaluate  the  velocity  of  the  atomic  isotope 
exchange  of  propyl  iodide  2  and  of  Isopropyl  iodide  1® 

It  is  seen  from  the  figure  that  isopropyl  iodide  ex¬ 
changes  are  approximately  25  times  faster  than  those  of 
normal  propyl  iodide. 

We  carried  out  experiments  on  the  study  of  exchange 
reactions  of  methylene  iodide  and  iodoform  in  order  to  ex¬ 
amine  the  effects  of  replacements  of  atoms  of  hydrogen  in 
the  molecule  CH3I  by  atoms  of  iodine,  on  the  velocity  of 
the  atomic  isotope  exchange.  The  exchange  of  methyl  iodi¬ 
de  with  elementary  iodine  was  studied  earlier  (Table  1} 

Iso tone  Exchange  OHI*  +  Ip®  The  time  of  illumination 
of  cyclohexane  solutions  of  methylene  iodide  and  Iodine  va¬ 
ried  between  six  to  30  minutes.  The  results  of  the  study  of 
the  velocity  of  the  atomic  exchange  CH2 Ig  +  I2  Rre  8^ven 
3Ln  R  % 

The* concentrations  of  exchanging  substances  were 
|CH2l*|  =0.01  equiv/l  and  I  Ig/  =  0.005  equiv/l.  In 

this  case,  the  ratio  x/c  tends  towards  its  limiting  value 


Fig.  2.  Velocities  of  atomic 
reactions  of  Isotope  ©xoh&nge 
for;  1  •"  OHalj  2  “  CH^0E2l» 

3  -  OH (013)2 I  depending  on 
the  length  of  illumination 
of  the  solutions. 


x/r,% 


Fig,  3,  Velocities  of  a- 
tomle  isotope  exchange  in 
percentages  for:  1  ~  iso” 
propyl  iodide;  2  -  propyl 
Iodide*  depending  on  the 
length  of  illumination,  of 
the  solutions  ® 


Table  5  Table  6 


Velocity  of  the  Atomic 
Exchange » 


Til  he  of 
iiiumi— 
nation 
in  hours 

Activity 
j  .  in  imp /'re  in 

JL  *i 

T'  '» 

| 

!■  Average 
•  velocity 

1  in  %  m 
|  an  hour 

i 

at 

c 

0,1 

j ' 

1  500 

ioooo 

5  1 

| 

0,17 

!  574 

10000 

5,7 

34 

0,34 

|  900 

10000 

9 

0,5 

1200 

10000 

12 

Velocity  of  Atomic  Exchange 

GHT-S  +  I2 


"time  of 
illumi¬ 
nation 
in  hours 

Activity  j 

in  imp /min 

c 

Average 
velocity 
in  %  in 

1  hour 

;  * 

1 

C 

0,17 

0,5 

1,4) 

*  *  1 

730  j 
2600 
5000 

280000 

280000 

260000 

0,28 

1,0 

1,9 

114 

9 


of  33  percent.  The  average  exchange  velocity  is  about 
34  percent  an  hour. 

Iso tone  Exchange  CHl|  +  Ip.  The  time  of  illumination  of 
cyclohexane  solutions  of  iodoform  with  iodine  did  not  ex¬ 
ceed  one  minute.  The  results  of  experiments  on  the  study 
of  atomic  exchange  CHIt  +  I2  are  given  in  Table  6. 

The  concentration  of  substances  was:  |CH14j  ~  0.001 
equiv/l  and  I  Is |  =  0.005  equiv/l.  The  concentration  of 

iodoform  decreased  10  times  as  much  in  comparison  with  the 
alkyl  iodides  in  prior  experiments,  because  otherwise  the 
exchange  takes  olace  so  rapidly  that  it  becomes  difficult 
to  measure.  In  this  case,  the  ratio  x/c  tends  towards  b. 5 
percent  as  the  length  of  time  is  increased.  Tae  average 
exchange  velocity  is  114  percent  an  hour.  If  we  evaluate 
again  the  exehanve  velocity,  according  to  equation  (10), 
for  a  concentration  equal  to  the  one  of  the  alkyl  iodides 
in  the  previous  experiments,  we  obtain  an  average  exchan¬ 
ge  velocity  equal  to  1140  percent  an  hour. 

We  related  the  data  collected  in  our  experiments  on 
the  effect  of  the  accumulation  of  atoms  of  iodine  in  tne 
molecule  CH4-nIn  to  the  velocity  of  atomic  isotope  exchange. 
The  results  of  our  study  are  represented  in  rig.  4.  Accord¬ 
ing  to  that  figure,  the  velocity  of  atomic  exchange  rapj.uj.y 
increases  in  proportion  to  the  increase  in  thenumber  or  a- 
toms  of  iodine  in  the  molecule  of  methane,  in  waxen  hydro¬ 
gen  is  replaced  by  iodine. 


Discussion  of  Results 


The  data  which  we  obtained  show  that  identical  vari¬ 
ations  of  molecular  structure  have  a  different  effect  on 
the  velocity  of  the  ionic  and  atomic  reactions  of  the  iso- 
‘fcoioB  «  Hi 6  results  of  tlx©  study  of  veXociuies  of 

ionic  reactions  of  isotope  exchanges  are  shown  in  our  pa¬ 
pers  [8-11].  Some  data  on  the  velocity  of  ionic  reactions 
of  iso tone  exchanges  taken  from  these  papers  are 

reactions  of 


comwared 

isotope 


in  Table  ?  wife  velocities  of  atomic 
exchange  studied  in  this  paper.  . 

We  see  from  this  table  that,  in  the  cases  which  we 
studied,  the  velocity  of  the  atomic  Isotope  exchange  increa 
ses  in  the  following  series:  methyl  iodide,  ethyl  iodide, 
prowl  and  isopropyl  iodides.  The  increase  in  the  number 
of  atoms  of  iodine  in  the  molecule  of  methane,  in  which 
hydrogen  is  replaced  by  iodine,  also  causes  an  increase 
in  the  velocity  of  the  atomic  isotope  exchange.  At  the 
same  time,  a  reverse  dependence  takes  place  in  bimoleeular 


ro  h 


9 


f  '  2 
t,  hours 
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Fig,  4.  The  velocity  of.  the  atomic  exchange  in  per¬ 
centages  for  methane  replaced  hy  iodine  depending 
on  the  time  of  illumination  of  reagents : 


'4  -  CH3I; 

-  GHp Ip ; 

A  -  CHl3 
(The-  scale 


in  axes  is  Increased  ten  times) 


Table  7 


Comparison  Between  the  Velocities  of  Ionic 
and  Atomic  Reactions  in  Isotope  Exchange 


Atomic  exchange j 

|  Ionic  exchange 

HJ 

ti?t  %  per  bo w  | 

!  i 

j  *  to* 

j  1  sec”*3-: 

CiJai 

0,02 

) 

1  1200 

CHyCHtI 

0,04 

|  175 

CHaCllyCHjJ 

0,050 

i  100 

CH, 

\ 

CHI 

1,0 

i 

j 

i  m 

/ 

ch3 

CH.J-. 

y* 

* 

\ 

j  2,3 

•CHI, 

1140 

!  u 

11 


ionic 

(153. 

who  stud 


exchange,,  related  to  the  Inversion  of  configuration 
Delaware ,  England,  Fowden,  Hughes  and  Ingold  [16], 
ed  the  kinetics  of  Isotope  exchangee  of  a  series 
of  alkyl  bromides,  RBr,  with  Br*  ions  In  acetone  solutions 
found  that  the  reaction  slows  down  and  the  activation  e- 
nergy  increases  when  hydrogen  in  the  molecule  CHjBr  is  re¬ 
placed  by  methyl  radicals. 

It  was  shown  in  our  papers  on  the  stuc^of  the  kine¬ 
tics  of  ionic  isotope  exchanges  of  alkyl  iodides  with  a- 
toms  of  iodine  in  90  percent'  solutins  of  ethyl  alcohol, 
cited,  above,  that  the  velocity  of  the.  reaction  diminishes 
when  the  carbon  chdn  of  the  alkyl  radical  in  transition 
from  a  normal  propyl  to  Its  isomer  is  lengthened,  and  when 
the  atoms  of  iodine  accumulate in  the  molecule  of  methane, 
in  which  hydrogen  Is  replaced,  by  Iodine. 

The  reason  for  such  a  difference  between  ionic  and 
atomic,  reaction  undoubtedly  lies  in  the  difference  of  e- 
nergy  barriers,  which  are  to  be  surmounted  in  reactions  of 
the  types  mentioned  above. 

It  is  possible  that  the  activation  energy  of  the  pro¬ 
cess,  la  cases  of  inversion  of  the  configuration,  is  deter¬ 
mined  by  the  barrier  which  the  atom  of  carbon  has  to  over¬ 
come  when  passing  between  three  substitutes . 

It  is  very  possible  that  the  substitution  of  atoms 
of  hydrogen  by  alkyl  radicals  increases  this  barrier.,  The 
activation  energy  therefore  increases  during  the  transi¬ 
tion  from  OR 3 1  to  CH3CK2 1  and  CH3CHICH3.  Tills  explains  why 
the  isotope  exchange  goes  faster  in  the  case  of  0" 
in  the  case  of  OH3OEIGH3. 


■> 


Dostrovsky ,  Hughes  and  Ingold  [17*  183  express  a 
point  of  view  close  to  ours  concerning  the  reason  for  the 
delay  in  ionic  exchange  reactions,  when  atoms  of  hydrogen 
are  substituted  by  methyl  radicals  in  molecules  of  CHxBr 


and  OHjOHgBr 
actions  in 
pearance 


of 


These  authors  consider 
the  above  mentioned  cases  i 
steric  hindrances .  The  above 


that  the  delay  of  re- 
±s  related  to  the  ap~ 


mentioned  authors 


however  that  the  effect  of  “steric 


compression 


consider _ 

does  not  lower  the  entropy  but  increases  the  activation  e- 
nergy .  In  this  manner,  both  points  of  Vi few  virtually  co¬ 


incide 


seems  to  us  that  our 
a  better  explanation 
atoms  of  hydrogen  by 
methyl  halides,  than 


the  subs- 


polnt  of  view  permit 
of  the  effect  of 
atoms  of  halogen  in  the 
the  hypothesis  of  steric 


It 

one  to  give 
ti button  of 
molecule  of 

lrj  -jr’j  jpgj,  C  0  S 

*  . Atomic  exchanges  take  place  according  to  the 

cel-chain  mechanism.  The  activation  energy  in  this 
depends  directly  on  the  strength  of  the  bond  between 
loscens  and  the  atom  of  carbon.  According  to  klneti" 


radl- 

case 


h 


cu. 1 


data,  the  energy  of  this  bond  is  eaual  to  50  kcal  In  case 


12 


of  normal  C3H7I.  In  IS0-C3H7I,  it  is  equal  to  46  kcal 
[19 1.  Data  based  on  the  spectra  of  combination  dispersion 
[20 J  gives  approximately  the  same  ratio  of  energies  for 
these" bonds.  It  was  shown  in  a  similar  manner  that  the  e- 
nergy  of  bonds  C  -  Br  and  C  -  I  for  the  same  atom  of  car¬ 
bon  gradually  diminishes  [21 ]  with  the  accumulation  of  a- 
toms  of  bromine  and  iodine  in  the  molecule. 

It  Is  clear,  therefore,  that  the  velocity  of  the  a- 
tomic  exchange  must  increase  with  the  accumulation  of  atoms 
of  halogen  In  the  molecule,  with  the  transition  from  nor¬ 
mal  radicals  to  the  iso  structure,  and  with  the  substitu¬ 
tion  of  hydrogen  In  CH3I  by  the  methyl  radical. 

Thus,  data  which  we  obtained  confirm  the  hypothesis 
concerning  various  effects  of  structural  changes  on  the  ve¬ 
locity  of  reactions  proceeding  according  to  Ionic  or  radi¬ 
cal-chain  mechanisms. 

The  rules,  which  we  discovered  in  the  current  study, 
have  created  a  new  criterion  for  the  establishment  of  the 
mechanism  of  reactions  which  take  place  in  solutins. 


w  Results 

1.  It  Is  shown  in  the  case  of  iodine-substituted  hy¬ 
drocarbons  that  the  isomerization  of  alkyl  radicals,  as 
well  as  the  substitution  of  hydrogen  atoms  in  the  molecule 
of  CH3I  by  atoms  of  iodine  or  by  hydrocarbon  radicals,  ac¬ 
celerates  the  atomic  reactions  of  Isotope  exchange, 

2.  The  velocity  of  the  process  changes  in  atomic  reac¬ 
tions  of  Isotope  exchange  in  proportion  to  the  variation 
of  the  strength  of  the  bond  of  carbon  with  halogen, 

3.  It  is  shown  that  equal  changes  of  molecular  struc¬ 
ture  influence  the  velocity  of  Ionic  and  atomic,  reactions 
of  isotope  exchange  differently.  Structural  changes  in  the 
molecule  of  alkyl  halogen  which  cause  a  delay  of  ionic  re¬ 
actions,  accelerate  the  reactions.,  which  proceed  according 
to  radical-chain  mechanism. 
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